Recently, we described the isolation of temperature-sensitive (ts) mutants of adenovirus type 5, and presented evidence that some of these mutants complemented each other (Williams et al. i97I ). In this communication we present additional data concerning complementation, as welt as evidence of recombination between ~s mutants of adenovirus type 5.
Short communications
All the other mutants complemented each other in every combination but some combinations do so more efficiently than others. The highest efficiency of complementation was observed in the cross tsI × ts2 with a 5"6 × roS-fold increase in yield, and the cross ts2 × ts4 with a ~.I × l@-fold increase. IO ~ 1' 9 X 10 7 2'I X 10 6 2'0 X 10 8 10 4 2-3x10 7 7,6Xi0 6 3.0X10 8 IO ~ 4"4X 10 ~ 3"1X 10 6 5"7 X 10 7 IO 7 i'2X I04 1-4X 107 I'OX I08 
( < IO 2) (5"2 X IO 2) (3"0 X 102) (I'4 X XO 8) < 10 2 (< 1o 2) 2'OX IO 2 9 .8 × xo7 9"3 × I07
( < xo 2) (4"0 × to °) (4"2 × I0 5) (9"8 × IO 3) (1"6 × IO 6) (< I0 2)
The values in bold type are those for one experiment and the remainder are for another. The experiments were done as described in Table I , except that the virus yields were assayed both at 31 ° for complementation and 38 ° for recombination. The yields assayed at 38 ° are given in the brackets, and the values above the brackets are the yields assayed at 31° .
In this experiment the 31 o yields of many of the single and the double infections shown in Table 1 were also determined. The yields of the single infections are shown in the bottom line of Table r. Similar yields were obtained for many of the double infections. Thus, many of the 380 complementation yields were almost as high as the 3 ~ ° yields, particularly for the slightly leaky mutants. Even in the double infection between the two non-leaky mutants ts 2 and ts4 the complementation yield was 4o % of the 3 I° yield, showing that very efficient complementation can occur in this system.
It should be noted that the complementation tests of ts 18 with ts 2 and ts 14 both produced low yields at 38°, while the complementation tests of ts 28 with all other mutants give high yields. This adds support to the view that ts2 and ts~4 are in the same complementation group. As pointed out above, in some double infections the proportion of wild-type virus in the yield has been determined by assaying the infectivities of the yields at 3 8° and 3 I°. The results of two experiments involving orthogonal sets of double infections with four mutants are shown in Table 2 . In all of the double infections a certain proportion of the complementation yield behaved as wild-type at 3 8°, while the wild-type yields in single infections were extremely low. There was considerable variation in the wild-type yields of certain crosses, but the reason for this is unknown at present. For each cross, eight plaques were picked from plaque assay plates at 3 8°, and reassayed at 3i ° and 3 8°. In all cases the progeny behaved as wild type, with infectivity ratios (38°/3 I°) around I.o. Therefore, some recombinants were present in the complementation yield at 38 °. Table 3 shows the results of a recombination experiment at 3 t° using four mutants. None of these mutants showed any evidence of back-mutation, the percentage of wild-type virus in the 3I ° yields of single infections always being less than 3"7 x io -4. The actual proportion may have been much lower, but due to a toxic effect of adenovirus ts mutants at 38 ° at high multiplicity, only the upper limits could be estimated. This low background rate of back-mutation has been found for most of our ts mutants, and was advantageous for re-Short communications combination analysis. In the experiment shown, the percentage of wild-type recombinants ranged from 7"6 ~ (tsi x ts2) to o'5 ~ (tsI x ts4). Progeny tests (figures in brackets in Table 3 ) have been carried out for these crosses, and all plaques picked were wild-type recombinant, with the exception of two from the cross ts2 x ts4 which scored as ts and one from the cross tsI x ts4. Although somewhat premature in view of the limited data, the mutants can be arranged in an additive sequence ts I-tS4-ts3-ts2 .
Recombination with these four mutants has been repeated three times using the same virus stocks. As shown in Table 4 , some variation in the recombinant frequencies was observed from experiment to experiment. However, the relative frequency for each cross varied by about the same degree, so that the ratios of the frequencies remained fairly constant. The reason for the observed variation in absolute magnitude is not known at present, but this problem is now being examined in detail. Preliminary data indicate that recombination also occurs in crosses with the other mutants, including ts2 x ts 14, considered to be in the same complementation group.
We are now carrying out extensive complementation and recombination analysis with the other ts mutants of adenovirus type 5. In parallel with the genetic analysis, the physiology of these mutants is also under investigation.
